INTRODUCTION
Research on organicÀinorganic hybrid materials containing trivalent lanthanide ions (Ln 3+ ) is a very active field that has rapidly shifted in the last couple of years to the development of eco-friendly, versatile, and multifunctional systems with applications spanning domains as diverse as optics, environment, energy, and biomedicine. 1À4 Particularly, highly efficient blue-, green-, and red-emitting Ln 3+ -containing organicÀinorganic hybrid phosphors are of widespread interest in materials science, because of their important role in displays, lighting technologies, and solar energy conversion. The processability of the hybrid materials impacts significantly on the integration, miniaturization, and multifunctionalisation of devices and presently the focus is placed on large-scale thin film technology, namely in the hybrid/substrate and multilayers adhesion, thickness and homogeneity control, low surface roughness, and optical transparency.
Transparent thin films of Ln
3+
-based hybrids find widespread applicability in disparate contexts, spanning domains such as agriculture and horticulture, 2 active coatings for improving the conversion efficiency of Si-based solar cells, 5, 6 and for luminescent solar concentrators (LSCs) . 7À10 LSCs make use of a transparent substrate doped with fluorophores, such as organic dyes, quantum dots (QDs), or Ln 3+ complexes, that successfully convert the ultraviolet (UV) component of sunlight into visible light. Through total internal reflection, a large fraction of the emitted light (theoretically ∼75%À80% for a phosphor layer with a refractive index of 1.51 11 ) is trapped within the plate and guided to the edges, where it emerges in a concentrated form that can be collected by solar cells. 10À14 Connection of the coated LSCs with monocrystalline silicon (c-Si) solar cells resulted in photovoltaic outputs 10%À15% higher than those observed in systems using the bare LSC plates. 4 The Ln 3+ complexes exhibit insignificant reabsorption effects (nonoverlap between absorption and emission), relatively to those typical of organic dyes and QDs, which is an important advantage for LSC technology. However, the number of papers involved with LSCs incorporating Ln 3+ complexes is very scarce.
8À10
Thermally and chemically stable transparent thin films of hierarchically organized Ln 3+ -containing organicÀinorganic hybrids were amply reported in the past decade. For instance, full-color ABSTRACT: Two new urea-bipyridine derived bridged organosilanes (P5 and P6) have been synthesized and their hydrolysisÀcondensation under nucleophilic catalysis in the presence of Eu 3+ salts led to luminescent bridged silsesquioxanes (M5-Eu and M6-Eu). An important loading of Eu 3+ (up to 11% w ) can be obtained for the material based on the 6, 6 0 -isomer. Indeed the photoluminescence properties of these materials, that have been investigated in depth (photoluminescence (PL), quantum yield, lifetimes), show a significantly different complexation mode of the Eu 3+ ions for M6-Eu, compared with M4-Eu (obtained from the already-reported 4,4 0 -isomer) and M5-Eu. Moreover, M6-Eu exhibits the highest absolute emission quantum yield value (0.18 ( 0.02) among these three materials. The modification of the sol composition upon the addition of a malonamide derivative led to similar luminescent features but with an increased quantum yield (0.26 ( 0.03). In addition, M6-Eu can be processed as thin films by spin-coating on glass substrates, leading to plates coated by a thin layer (∼54 nm) of Eu 3+ -containing hybrid silica exhibiting one of the highest emission quantum yields reported so far for films of Eu 3+ -containing hybrids (0.34 ( 0.03) and an interesting potential as new luminescent solar concentrators (LSCs) with an optical conversion efficiency of ∼4%. The ratio between the light guided to the film edges and the one emitted by the surface of the film was quantified through the mapping of the intensity of the red pixels (in the RGB color model) from a film image. This quantification enabled a more accurate estimation of the transport losses due to the scattering of the emitted light in the film (0.40), thereby correcting the initial optical conversion efficiency to a value of 1.7%. -based hybrids prepared without any external template were also explored, although more scarcely. Silylated ligands, such as carboxylates, 17 diureasils, 18 and pyridine, 19 have been employed in a pure form. Most of the other examples in the literature reporting the fabrication of thin films of Ln
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3+
-based hybrids involve mixtures with TEOS or tetramethylorthosilicate (TMOS) and an organosilylated precursor.
20À27
In these organicÀinorganic hybrids, the organic fragment has a key role in complexing and sensitizing the Ln 3+ ions. For this purpose, nitrogen-based chelating heterocycles have been widely used and, more particularly, Ln 3+ -containing 4,4 0 -diureido-2, 2 0 -bipyridine-based bridged silsesquioxanes obtained from precursor P4 28 ( Figure 1 ) have recently attracted considerable interest, in view of their potential use as optically active hybrid materials. 16,29À32 Until now, only the 4,4 0 -isomer of this system has been studied. As the position of the ureido substituents on the 2,2 0 -bipyridine fragments (basicity, steric hindrance, chelation by urea groups), 33 should significantly impact on the light-emitting features of the Ln 3+ -containing materials, we decided to investigate the effect of the substituent position on the bipyridine ring by synthesizing two new related precursors (denoted P5 and P6; see Figure 1 ). Here, we report the preparation of Eu 3+ -and Tb
3+
-containing bridged silsesquioxanes obtained by hydrolysisÀcondensation of P5 or P6 in the presence of europium and terbium chloride and their photoluminescence (PL). In particular, we will focus on Eu 3+ -containing hybrids derived from P6 that can be processed as transparent and mechanically stable thin films with an intriguing potential as new LSCs.
EXPERIMENTAL SECTION
Synthesis. All the manipulations were carried out using Schlenk techniques under dry argon. Dry, oxygen-free solvents were employed. (3-isocyanatopropyl)triethoxysilane (ICPTES, Aldrich) and water were purified by distillation prior to use. Europium(III) chloride hexahydrate (99.99%) and terbium(III) chloride hexahydrate (99.9%) were purchased from Aldrich (Lot No. 203254) and Alfa Aesar, respectively. 6, 6
0 -Diamino-2,2 0 -bipyridine (purified by sublimation under vacuum), 34 P4, 28 and Pmal 35, 36 were synthesized according to previously reported procedures.
5,5
0 -Diamino-2,2 0 -bipyridine. 37, 38 A mixture of 5,5 0 -bis(2, 5-dimethylpyrrol-1-yl)-2,2 0 -bipyridine 38 (3.50 g, 10.2 mmol), hydroxylamine hydrochloride (21.3 g, 307 mmol), triethylamine (11.5 mL, 82 mmol), ethanol (75 mL), and water (30 mL) was heated under reflux for 20 h. The mixture was cooled to room temperature then basified to pH 12, using a 1 M sodium hydroxide solution. After distilling off the triethylamine and ethanol at atmospheric pressure, the residual mixture was cooled to 4°C for 3 h, yielding off-white crystals of 5,5 0 -diamino-2,2 0 -bipyridine dihydrate. These crystals were sublimed under vacuum to afford the pure 5,5 0 -diamino-2,2 0 -bipyridine as a white powder (1.60 g, 84% yield).
Synthesis of Precursors Pn (n = 5 or 6). To a solution of n, F6-Eu Thin Film. Borosilicate substrates (Normax microslides, 25 mm Â 25 mm) were cleaned with acetone, immersed in a mixture of hydrogen peroxide and sulfuric acid, and rinsed and stored with distilled water. Prior to the deposition, they were dried by spin-coating (5 000 rpm, 50 s), treated with ethanol, and dried again by spin-coating just before use. Europium chloride hexahydrate (7.1 mg, 1.9 Â 10 À2 mmol) and water (31 μL, 1.7 mmol) were incorporated into a suspension of P6 (40 mg, 5.9 Â 10 À2 mmol) in dry ethanol (2.5 mL). The mixture was stirred for 20 min at room temperature, leading to a clear solution; then, an ammonium fluoride solution (1 μL, 1 M in water) was added (final molar ratio P6/EuCl 3 /H 2 O/NH 4 F = 1:0.33:32:0.01; final massic (weight) concentration of P6 = 2% w ). The substrates were held by suction on a chuck, which was placed on the axis of the spin coater (SCS Specialty Coating Systems, spin-coat G3-8). The F6-Eu thin films were prepared by spin-coating two drops of the sol on glass substrates, with an acceleration time of 10 s and a spin time of 50 s, at a spin rate of 5000 rpm. They were finally dried at 80°C for 10 h.
Fourier Transform Infrared (FT-IR) Spectroscopy. The FT-IR spectra were acquired between 400 and 4000 cm À1 at room temperature using a Mattson Mod 7000 spectrometer. The solid samples (3À4 mg) were finely ground, mixed with 300 mg of dried KBr (Merck, spectroscopic grade) and pressed into pellets, which were left for 24 h at 80°C in order to reduce the level of absorbed water before use.
Nuclear Magnetic Resonance (NMR). Nuclear magnetic resonance (NMR) spectra were recorded at 298 K on a Bruker Model Advance 400 apparatus. Powder X-ray Diffraction (XRD). X-ray diffraction (XRD) measurements of the dried powder samples were carried out in 1.5-mmdiameter glass capillaries in a transmission configuration at the LCVN Laboratory (Montpellier, France). A copper rotating-anode X-ray source working at 4 kW with a multilayer focusing Osmic monochromator, giving high flux and punctual collimation, was employed. A twodimensional (2D) image plate detector was used.
Scanning Electron Microscopy (SEM).
Scanning electron microscopy (SEM) images were obtained with a Hitachi Model S-4800 apparatus after platinum metallization.
Optical Imaging. Optical micrographs were acquired with a Leica Model DM6000 M microscope. The images were obtained through a 2592 Â 1944 pixel CCD Leica Model DFC425C camera. Photographs were taken with a digital camera (Canon Model EOS 400D), using an exposure time between 6 and 20 s. Excitation of the film was performed with a Spectroline E-Series UV lamp (Aldrich, Model Z169625) operating at 254 and 365 nm. The spectral intensity maps were performed using the MATLAB programming language, considering the RGB model to determine the intensity value of the red pixels (ranging from 0 to 255). In order to quantify the emission ratio factor (C), crosssectional intensity profiles of the pixels (red intensity values) were measured in different planes of six film images. The photographs used to calculate the intensity maps were acquired with exposure times between 1 / 20 s and 2.5 s to avoid saturation of the intensity of the red pixels.
Elemental Analysis. Elemental analyses of the hybrids were performed by the Service Central d'Analyses du CNRS (Lyon, France). The experimental errors are (0.4% (absolute) for chlorine, (0.3% (absolute) for nitrogen, and (2% (relative error) for europium and silicon. Europium and silicon contents were determined by ICP-AES after alkaline digestion, whereas chlorine and nitrogen contents were determined after combustion.
UltravioletÀVisible (UVÀvis) Absorption Spectroscopy.
UltravioletÀVisible (UVÀvis) absorption spectra were measured on a JASCO Model V-560 spectrometer with a scan range of 200À900 nm, with a scan rate of 200 nm min À1 and a resolution of 0.5 nm. A clean substrate was used as reference in order to eliminate the substrate contribution in the absorption spectra of the film.
Photoluminescence. The photoluminescence (PL) spectra were recorded at 10 and 300 K and room temperature with a modular doublegrating excitation spectrofluorimeter with a TRIAX 320 emission monochromator (Fluorolog-3 2-Triax, Horiba Scientific) coupled to a R928 Hamamatsu photomultiplier, using the front face acquisition mode. The excitation source was a 450-W xenon arc lamp. The emission spectra were corrected for detection and optical spectral response of the spectrofluorimeter and the excitation spectra were weighed for the spectral distribution of the lamp intensity using a photodiode reference detector. The time-resolved measurements were acquired with the setup previously described for the PL spectra, using a pulsed Xe-Hg lamp (6 μs pulse at half width and 20À30 μs tail).
Absolute Emission Quantum Yields. The absolute emission quantum yields were measured at room temperature using a quantum yield measurement system (Model C9920-02, from Hamamatsu, with a 150-W xenon lamp coupled to a monochromator for wavelength discrimination), an integrating sphere as the sample chamber, and a multichannel analyzer for signal detection. Three measurements were made for each sample, so that the average value is reported. The method is accurate to within 10%.
Ellipsometry. The spectroscopic ellipsometry measurements were made using an AutoSE ellipsometer (Horiba Scientific) with a total of 250 points in the wavelength interval of 440À850 nm, an incidence angle of 70°, an acquisition time of 22 ms per point, and an average of 10 measurements per point. Refractive index of the film were calculated using the Lorentz model, which expresses the relative complex dielectric constant as a function of the frequency (ω), which is described by
where ε ∞ is the high-frequency relative dielectric constant, ε s the static relative dielectric constant, ω 0 (eV) the oscillator resonant frequency, and Γ (eV) the damping factor. 39 The fit method was detailed elsewhere. 40 
RESULTS AND DISCUSSION
The three organosilane precursors-P4ÀP6-were obtained in good to excellent yield from the corresponding n,n 0 -diamino-2,2 0 -bipyridine by reaction with (3-isocyanatopropyl)triethoxysilane in hot pyridine. 28 Their hydrolysisÀcondensation in the presence of europium chloride was investigated for different compositions. To evaluate the effect of the ureido substituent's positions on the luminescence properties, we will discuss, in the first part of the manuscript, the synthesis and PL of the M5-Eu and M6-Eu bulk materials obtained under the same conditions as the previously reported M4-Eu. 31 In the second part of the work, we will optimize the optical properties of the materials, by modifying the composition of the sol, describing the processing of highly luminescent thin films obtained by spin-coating, with the potential impact of new luminescent solar concentrators (LSCs). . Interestingly, whereas the precursors were sparingly soluble in the alcoholic solvents, the introduction of the lanthanide salt to these suspensions immediately led to complete solubilization, indicating that complexation had occurred between the europium salt and the bipyridine-based precursors. After addition of the ammonium fluoride catalyst, gelation (M4-Ln) or precipitation (M5-Ln, M6-Ln) occurred. Figure S1 in the Supporting Information depicts the FT-IR spectra of all the materials, which are all very similar. The formation of the siloxane skeleton was ascertained by the appearance of a broad band (975À1140 cm À1 ) with two main components located at 1020 and 1140 cm À1 (ν as (SiOSi)). A characteristic band at 905 cm À1 , attributable to noncondensed SiÀOH groups, is also observed, giving evidence that the condensation is not complete. However, since no 29 Si solid-state NMR spectrum could be recorded, because of the paramagnetism of the Eu 3+ ions, it is difficult to precisely evaluate the condensation at Si. The broad bands centered at 1550, 1605, and 1668 cm À1 result from the contributions of the vibrations in the pyridine rings and of the amide I and amide II modes of the urea groups. This gives clear evidence for the presence of the organic fragments within the material.
The elemental analyses (Table 1) performed on the different materials indicate that the N/Si ratio is similar (within the experimental error) to the expected values, thus further confirming the preservation of the organic component within the hybrid materials. These analyses give also very good indications of the complexing ability of precursors Pn (n = 4, 5, or 6): whereas M6-Eu contains as much as 9.2% w of europium (the theoretical value for all these europium-containing materials in the case of a complete condensation is 9.3% w ), the corresponding amount is reduced to 5.0% w in M4-Eu, and only 1.4% w in the case of M5-Eu. This corresponds to bpy/Eu ratios of 5:1, 20:1, and 3:1, for M4-Eu, M5-Eu, and M6-Eu, respectively. The low amount of europium incorporated in M5-Eu may result from the low basicity of the 5,5 0 -diureido-2,2 0 -bipyridine ligand, compared to the other isomers (as inferred from the mesomeric formulas depicted in Figure 2) , and also from the good packing ability of the linear monomers that would disfavor the formation of bulkier europium complexes. In contrast, the full incorporation of the Ln 3+ salt in M6-Eu and M6-Tb might come from the chelation of the Ln ion by both the urea and bipyridine moieties, with the formation of a cagelike complex, as illustrated in Figure 2 . Moreover, the preservation of a Cl/Eu molar ratio of 3.0 in M6-Eu demonstrates that no anion exchange occurred during the solÀgel process.
XRD experiments performed on the dried powders exhibit two very broad bands, peaking at ∼5.7À5.9 nm À1 and ∼15.5À15.7 nm À1 (see Figure S2 in the Supporting Information), which indicates nonorganized structures, even for M5-Eu. Notably, no sharp lines typical of inorganic crystals that would show a phase segregation between lanthanide salts and the hybrid materials 41 could be detected. Different morphologies were observed for these materials by SEM (Figure 3 ): whereas M4-Eu exhibits a featureless morphology, 31 the structure of M5-Eu can be described as an assembly of tiny spheres (<100 nm in size). Interestingly, M6-Eu and M6-Tb are obtained as aggregates of microspheres (1À4 μm in diameter) that are also observable by optical microscopy (see Figure S3 in the Supporting Information).
The PL of these hybrid materials was investigated using various techniques (steady-state and time-resolved emission, excitation, and emission quantum yield measurements). For M6-Tb, the intra-4f lines could not be discerned and the emission spectrum is formed only by a host-related broad component (see Figure S4 in the Supporting Information and discussion below). The host-to-metal energy transfer is hindered by the high-energy location of the Tb 3+ 5 D 4 emitting level, relative to the ligands exciting states, and then we will focus on the Eu 3+ -containing hybrids. Figure 4A depicts the emission features of M5-Eu and Chemistry of Materials ARTICLE M6-Eu, under the excitation wavelength that maximizes the emission intensity. In order to study the effect of the substituents' position on the PL features the spectrum of M4-Eu is also presented. 29, 31 All the spectra display the Eu 3+ 5 D 0 f 7 F 0,4 transitions and a broad band (400À550 nm), most evident for M5-Eu, whose energy depends on the excitation wavelength (see Figure S5 in the Supporting Information). The broad band resembles that observed for the M4-Eu 31 and pristine M4 42 hybrids, being ascribed to the superposition of three distinct components: the bpy-related triplet state and electronÀhole recombinations originated in the urea groups cross-linkages and in the siliceous nanoclusters. 42 The Eu 3+ -excitation paths were selectively studied by measuring the excitation spectra monitored within the 5 D 0 f 7 F 2 transition (see Figure 4B) . The spectra reveal a large band in the UV/blue spectral region with two main components, at 277 nm and 363À373 nm, and a low-relative intensity band between 360 and 450 nm (more evident in the excitation spectrum of M5-Eu). A similar excitation spectrum was already observed for the analogous M4-Eu 31 hybrid (curve c in Figure 4B ). Whereas the low-wavelength region (240À360 nm) is related to the excited states of the bpy-ligands, the highwavelength one (360À450 nm) is associated with the excited states of the NH/CdO groups and of the siliceous nanoclusters. 43, 44 The presence of both the bpy and hybrid host excited states in the excitation spectra monitored within the Eu 3+ excited states points out the presence of bpy/hybridfEu 3+ energy transfer, as also noted for M4-Eu. 31 The different energy values of the excitation components and the distinct relative intensity of the intra-4f lines suggest that the nature of the isomer plays an active role in the Eu 3+ sensitization. The emission features were quantified through the measurement of the absolute emission quantum yields ( Table 2 ). Maximum quantum yield values of 0.01 ( 0.001 (280 nm) and 0.18 ( 0.02 (350 nm) were measured under excitation via the bpyrelated excited states for M5-Eu and M6-Eu, respectively. The quantum yield value previously reported for the M4-Eu is 0.08 ( 0.01 (320 nm). The significant difference between those values points out the crucial role of the ureido substituents' positions in the PL features.
In order to gain some insight into the Eu 3+ -local coordination of the M5-Eu and M6-Eu hybrid hosts, the Eu 3+ -lines were measured with high resolution ( Figure 5 ). The energy and full width at half-maximum (fwhm) of the intra-4f 6 transitions in the ions occupy a low symmetry site without an inversion center, in accordance with the higher intensity of the electric-dipole 5 D 0 f 7 F 2 transition. 45 Nevertheless, the emission spectra of M6-Eu show major changes in the energy, fwhm, and relative intensity of the 5 D 0 f 7 F 0À4 lines under distinct excitation wavelengths (see Figure 5) , pointing out the presence of at least two Eu 3+ average local environments. This emission dependence on the excitation wavelength is mostly evident in the relative intensity variation of the 5 D 0 f 7 F 2 Stark components at 612 and 616 nm (marked with an asterisk in Figure 5 ) as the excitation wavelength increases from 277 nm to 373 nm. In order to study the excitation path of each Eu 3+ local site selectively, the excitation spectrum monitored at 612 nm was compared with that monitored at 616 nm (see Figure 4B ). Although the low-wavelength regions of the two spectra overlap, the high-wavelength components are blue-shifted (ca. 2050 cm À1 ), supporting the presence of two distinct Eu 3+ local environments, as previously mentioned. The Eu 3+ local coordination, as function of the position of the two urea substituents on the bipyridine fragments was further analyzed through the estimation of the energy (E 00 ) and fullwidth at half maximum (fwhm 00 ) of the 5 D 0 f 7 F 0 transition (see Figure S6 in the Supporting Information). The 5 D 0 f 7 F 0 transition of the M5-Eu spectrum is well-reproduced by a single Gaussian function, yielding E 00 = 17270.5 ( 0.5 cm À1 and fwhm 00 = 56.1 ( 1.2 cm À1 (see Table 2 ). To simplify the discussion, this Eu 3+ local site will be hereafter referenced as "Site 1". Despite the presence of a single 5 D 0 f 7 F 0 line, the large fwhm 00 value suggests a higher nonhomogeneous distribution of similar Eu 3+ Site 1 chemical environments, because of changes outside the coordination polyhedron.
The E 00 value is the same as that reported for M4-Eu (E 00 = 17270.8 ( 0.4; see Table 2 ), suggesting an analogous Eu 3+ local coordination in both M4 and M5 hybrids, in agreement with the proposed schematic representation of the possible Eu 3+ -todiureido-2,2 0 -bipyridine ligand interactions (see Figure 2) . Nevertheless, the significant increase in the fwhm 00 value, relative to that of M4-Eu (fwhm 00 = 41.6 ( 0.9 cm
À1
; see Table 2 ), reflects a larger distribution of related Eu 3+ local coordination sites. The 5 D 0 f 7 F 0 transition of the M6-Eu spectrum was modeled by the sum of two Gaussian functions displaying one component with E 00 = 17270.0 ( 3.3 cm À1 and fwhm 00 = 61.5 ( 5.9 cm À1 , comparable to that measured for M4-Eu and M5-Eu and therefore ascribed to Site 1, and another component characterized by lower values of E 00 and fwhm 00 (E 00 = 17224.2 ( 0.2, fwhm 00 = 25.0 ( 0.5 cm À1 ), which will be denoted hereafter as "Site 2". The lower energy of the 5 D 0 f 7 F 0 transition of Site 2 indicates that the Eu-ligand bonds have (on average) a high covalent character, relative to that found in Site 1. 46, 47 This is in good agreement with the main coordination type proposed in Figure 2 for the P6-related hybrids, which involves both the N atoms of the bpy-ligands (which are also involved in Site 1 coordination) and the O atoms of the urea groups. Figure S7 in the Supporting Information), which can be attributed to the large distribution of Eu 3+ local sites, as mentioned above. Therefore, an average lifetime value (AEτae) was estimated, considering
IðtÞ dt ð2Þ where t 0 = 0 and t 1 is the time interval where the luminescence intensity (I(t)) reaches the background, yielding ∼0.483 ( 0.005 ms. For M6-Eu, the emission decay curves are well-reproduced by a biexponential function, in good agreement with the presence of two Eu 3+ local sites, yielding lifetime values of 0.313 ( 0.009 ms and 0.863 ( 0.013 ms (see Figure S8 in the Supporting Information).
The emission features of M5-Eu and M6-Eu were also studied at a temperature of 10 K. Whereas the PL features of M5-Eu resemble those acquired at room temperature, for M6-Eu, the emission data at 10 K is almost independent of the excitation wavelength (see Figure S9 Table 2 ). 
Optimization of the Materials and Processing as Thin Films.
Since M6-Eu is the most efficient material among the three isomers of the Eu 3+ -containing bridged silsesquioxanes investigated in this work, we focused our efforts on materials derived from P6 to optimize the formulation of the luminescent hybrids. The first modification implies an increase in the Eu 3+ contents in the materials: the hybrid material M6 0 -Eu was synthesized with the bpy/EuCl 3 ratio of 2:1 instead of 3:1 for M6-Eu. Elemental analysis (Table 1) evidences the full Eu 3+ incorporation into the hybrid host, where a loading as high as 11.2% w was reached without any detectable phase separation by XRD. The second modification consists of the incorporation of an additional silylated precursor featuring the tetraethylmalonamide moiety (Pmal; see Figure 1) , 35, 36 to increase the UV-harvesting absorption and trying to saturate the Ln 3+ coordination shell yielding material M6-Eu-mal. Indeed, the malonamide fragment is a good ligand for lanthanides and actinides and can coordinate the cation in a monodentate or bidentate fashion. 48 Interestingly, all the spectroscopic features of M6 0 -Eu and M6-Eu-mal are very similar to those of M6-Eu (see Figures S1 and S2 in the Supporting Information). Furthermore, although the morphology of the former is very similar to that of M6-Eu, the latter is obtained in a wormlike form, probably resulting from the agglomeration of small spheres (Figure 3 ). In addition, the sol yielding M6-Eu could easily be spin-coated into transparent luminescent thin films (F6-Eu) (see Figure 6 and Figure S11 in the Supporting Information) with a thickness value (d) of ∼54 nm, determined by ellipsometry measurements, vide infra. As far as we know, only Dong et al. 17, 49 and Chamas et al. 19 spin-coated pure silylated precursors, as we describe here, whereas Wang et al. 50, 51 reported films of Ln
3+
-containing bridged silsesquioxanes from powder precipitation on a glass substrate. The emission quantum yield measured for F6-Eu (0.34 ( 0.03) is among the highest values ever reported for films of Eu 3+ -containing hybrids (see Table 3 and also with TMOS, pluronic P123, EuCl 3 3 6H 2 O, 1,10-phenanthroline, and salicylic acid, with values between 0.04 and 0.29. 15 The absorption coefficient, α = A/d (and the corresponding UVÀvis absorbance A of F6-Eu), is very low in the visible spectral range (wavelengths of >400 nm), reaching a maximum at ∼350 nm (see Figure 7A ) (α is not recorded for wavelengths lower than 297 nm, because the glass substrate displays a very high absorbance in that spectral region).
The excitation (monitored within the
F 2 transition) and emission spectra of M6 0 -Eu (see Figures S12 and S13 in the Supporting Information), M6-Eu-mal (Figures S12 and S14 in the Supporting Information), and F6-Eu ( Figure 7B ) resemble those acquired for M6-Eu (see Figures 4 and 5) . The only difference is observed in the excitation spectrum of F6-Eu (the inset in Figure 7B ), which displays a blue-shift (∼2200 cm À1 ), relative to that measured for M6-Eu, which could be ascribed to differences in the gelification and condensation rates between the spin-coating process in the film and the solÀgel reactions in the monoliths. For thin films, the forced solvent extraction is much faster, compared with that of bulk monoliths, resulting in a structure with a lower degree of organization. This distortion on the symmetry could cause the change in the energy levels positions of the hybrid host and, consequently, the blue-shift in the thin film excitation spectrum. 
Chemistry of Materials
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In order to discuss the effects on the Eu 3+ local coordination in more detail, the energy and fwhm of the two components of the 5 D 0 f 7 F 0 transition were fitted by a sum of two Gaussian functions (see Figure S6 in the Supporting Information). It is observed that the variation of the bpy/Eu 3+ ratio (9.2% w À11.2% w Eu), the incorporation of the malonamide fragments and the thin-film processing induce no changes in the E 00 and fwhm 00 values of Site 2. In contrast, for Site 1, a decrease in the fwhm 00 and a red-shift in the E 00 are detected, pointing out that the Eu 3+ local coordination at Site 1 is more affected than the local coordination involving both bpy and urea ligands (Site 2). The similarities between the emission features are reinforced by the 5 D 0 emission decay curves (see Figures S15ÀS17 in the Supporting Information), which are well-reproduced by a biexponential function with time decay constants similar to those measured for M6-Eu (see Table 2 ).
The effect of the three modifications was also monitored in the emission quantum yield values: whereas no significant changes were observed with the increase in Eu 3+ concentration, M6-Eumal and the F6-Eu film display a significant increase in the maximum values of the emission quantum yield (0.26 ( 0.03 and 0.34 ( 0.03, respectively; see Table 2 ), relative to M6-Eu. We should note that as the excitation spectra of M6-Eu and M6-Eumal that are monitored within the 5 D 0 f 7 F 2 transition are identical (see Figure S12 in the Supporting Information), thus indicating comparable 5 D 0 excitation paths in the presence and absence of malonamide, we may suggest the presence of efficient malonamidefbpyfEu 3+ energy transfer, which confirms that the malonamide fragments act as active additional UV-harvesting moieties. Contrary to its expected role, the PL features of M6-Eumal tend to indicate that the malonamide fragment is not directly coordinated to the Eu 3+ ions, although it may figure in the second coordination shell.
In addition, the F6-Eu thin films were characterized by spectroscopic ellipsometry. The film thickness and the refractive index dispersion curve were measured, considering a layered structure model that was composed of the substrate, an organicÀ inorganic hybrid layer, and air as ambient medium (see Figure  S18A in the Supporting Information). The thickness of the substrate was considered infinite, and the refractive index was obtained by direct inversion of the ellipsometric data (not shown). The experimental ellipsometric parameters and the respective fit using the Lorentz model are shown in Figure  S18B in the Supporting Information. For an illustrative example, the best-fit solution yielded a thickness value of d = 53.84 ( 1.57 nm and the refractive index variation represented in Figure 8 . The presence of surface roughness was modeled by the Bruggemann effective medium approximation, 52 using the thickness (average roughness) of a layer composed of air and hybrid material. The improvement in the goodness of fit is <5%, yielding roughness values of ∼0.1 nm, pointing out that surface irregularities can be neglected in the present case, despite the presence of small cubic nanoparticles shown in the SEM image (see Figure  S19 in the Supporting Information) of the surface of the hybrid. The potential effect of the cubic nanometric particles and roughness in the ellipsometric spectra is depolarization of the reflected light, because of the scattering of the incident light by these surface features, which originates light reflected in more than one polarization states. 53 The measured depolarization spectrum shows a very small depolarization effect with a polarization degree very close to the unit (see inset in Figure 8 ). The poor effect of the surface nanoparticles in the ellipsometric analysis can be explained by two main reasons: (i) the surface fraction occupied by the nanometer-size particles is very small (the contribution of the remaining surface is largely predominant) and (ii) the dimension of the nanometric particles itself is also very small, and, therefore, its effect could be neglected. Consequently, the values of the roughness measured by ellipsometry and the presence of the cubic nanoparticles in the surface of the hybrid are not in contradiction.
The photograph of the F6-Eu film under UV light at 365 nm ( Figure 6A) shows the emitted intra-4f 6 red light to be guided to the film edges through internal reflection, revealing that the F6-Eu film can be used as LSC. To quantify the emission ratio factor C, we performed an intensity map of the red pixel (in the RGB color model) in nonsaturated photographs (not shown). Figure 6B displays one example of such three-dimensional (3D) intensity maps. In order to separate the contribution of the thin film emission and that of the scattered light at the surface, part of the film was removed from the substrate and the red pixel intensity at the film and at the substrate was estimated. This experiment enables a quantification of the scattered light of ∼20% at 350 nm. Therefore, the average intensity ratio between corrected I sf and I e yields C = 6. This value is consistent with that reported for LSCs based on poly(methyl methacrylate) encapsulating organic dyes and quantum dots (QDs), with C values of 5À10.
12
The performance of the F6-Eu thin film as a LSC is given by the optical conversion efficiency η opt of the collector, which is defined as 8, 11, 13 
where R is the reflectance, η abs is the ratio of photons absorbed by the plate to the number of photons falling on the plate, η f is the emission quantum yield, η s is the Stokes efficiency (ratio of the average energy of emitted photons to the average energy of the absorbed ones), η t is the trapping efficiency,
(where n is the refractive index of the light-emitting medium), η tr is the transport efficiency (which takes into account the transport losses due to matrix absorption and scattering), and η self is the self-absorption efficiency arising from self-absorption of the emitters. At 350 nm, the η opt value of F6-Eu is initially estimated as ∼4.3%, considering R = 0.067 (with the refractive index value at 350 nm, n = 1.7006, extrapolated from the dispersion curve of Figure 8 because the hybrid matrix is almost transparent to UVÀvis light and Eu 3+ ions have negligible self-absorption (no losses). The optical conversion efficiency of F6-Eu is smaller than that recorded for LSCs formed by a PMMA layer containing Red 305 dyes on top of a transparent glass support (∼12%) and the upper estimate reported for films of Tb 3+ -based poly(vinyl alcohol) incorporating salicylic acid (8.8%), 8 the only value that we found in the literature for LSCs based on Ln ions. However, in this latter example, η abs is assumed to be equal to 1 (3-fold larger than that in F6-Eu). We certainly can improve the optical conversion efficiency of the F6-Eu film, by increasing its thickness and, consequently, its absorbance.
The emission ratio factor (C) could be also defined as
where
is the conversion efficiency of the signal emitted at the surface of the film (in which the trapping efficiency is replaced by its complementary value, (1 À η t )); A sf and A e are the surface area and the area of the plate edges, respectively; and the factor 1 / 2 takes into account that we are considering the emission trapping in only one film surface. For F6-Eu, the ratio between A sf and A e , known as the LSC geometrical factor, is 7.7. From eq 4, an emission ratio factor of 57 is estimated, which is substantially higher than the experimental C value (6) that was derived from the intensity map ( Figure 7B) . To interpret such a discrepancy, we may consider that the signal trapped in the waveguide will lose part of its intensity due to scattering effects along the propagation in the film (being the scattered signal emitted by the surface), in a similar way that was performed in the estimation of the losses incurred by self-absorption in LSCs of liquid solutions of PbS QDs. 54 Considering a thin layer (as is the case for the F6-Eu film, in which a signal that is not trapped does not undergo any scattering process), we can rewrite the top surface optical conversion efficiency η sf as
Inserting eqs 6 and 3 into eq 4, we obtain the effective emission ratio factor (C eff ):
To attain an emission ratio factor of 6, the scattering factor in eq 7 (η tr ) is 0.40 (instead of 1, as initially considered), which yields an effective optical conversion efficiency of 1.7%.
CONCLUSIONS
In this work, the syntheses of two new urea-bipyridine-derived bridged organosilanes (P5 and P6) have been achieved. Their hydrolysisÀcondensation under nucleophilic catalysis in the presence of Eu 3+ salts led to luminescent bridged silsesquioxanes (M5-Eu and M6-Eu), which were compared with M4-Eu. The maximum value of incorporated Eu 3+ in the materials strongly depends on the isomer used. A value of 11% w can even be reached without phase segregation for M6 0 -Eu as the 6,6 0 -isomer is strongly basic and is expected to form a cagelike complex involving urea and bipyridine fragments. Indeed, the photoluminescence of these materials, particularly the energetic position of the 5 D 0 f 7 F 0 transition, evidence a significantly different complexation mode of the Eu 3+ ions for M6-Eu, compared to M4-Eu and M5-Eu. Moreover, M6-Eu exhibits the highest absolute emission quantum yield value (0.18 ( 0.02) among these three materials. This value can also be increased (0.26 ( 0.03) upon the addition of a malonamide derivative that promotes light harvesting without modification of the emission and excitation spectra. In addition, M6-Eu can be processed as thin films by spin-coating on glass substrates, leading to plates that are covered by a thin layer (∼54 nm) consisting of luminescent bridged silsesquioxanes exhibiting an emission quantum yield (0.34 ( 0.03) that is among the highest values reported for films of Eu 3+ -containing hybrids and that may be used as luminescent solar concentrators (LSCs) with an optical conversion efficiency of ∼4%. The emission ratio factor (C) was quantified through the mapping of the intensity of the red pixels, which allowed for a more consistent estimation for the transport losses, because of the scattering of the emitted light in the film and substrate (0.40), and then for the effective optical conversion efficiency (1.7%). This is a very rare example of the use of Ln 3+ -containing hybrid thin film for LSCs. Moreover, the optical conversion efficiency of the F6-Eu films can be optimized increasing the Eu 3+ concentration, the film thickness, and C, which opens the possibility of increasing the photocurrent generated by solar cells coupled to the F6-Eu LSC edges, relative to the same cells facing the sun.
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